1 Mathematical modelling
The linear model of Erk activation
Erk is activated by ordered and distributive dual phosphorylation. A simple description of a dual modification cycle can be built by assuming that the activating kinase and deactivating phosphatase work with linear kinetics, and assuming equal kinetic rates for the two phosphorylation (k m ) and two dephosphorylation steps (k p ), respectively. The differential equation system thus contains two components, singly phosporylated pErk and dually modified ppErk:
The steady state calculation yields a linear correlation of active ppErk and the total amount Erk T :
1.2 Proof: The response coefficient R is smaller than 1
In the main text we proposed three different models that could explain the robustness of Erk activation to reduced total amounts of the kinase itself. For one of the mechanism, where the phosphorylation by Mek is saturated, we will derive a response coefficient which we define analogous to Kholodenko et al., 2002 :
In order to derive this coefficient, we chose a simplified model that describes Erk activation by a single phosphorylation event where the deactivating phosphatase is assumed to work with linear kinetics. The steady state equation thus is
where v m is the maximum speed and K M the Michaelis constant of the kinase Mek, k p the linear rate of dephosphorylation. Please note that pErk in this context means the phosphorylated, active form. To calculate the response R we need to find an expression for the derivative of pErk with respect to the total amount of Erk. We take the derivative of the whole equation (3) and yield
We solve the equation by the derivative of interest and find that
It is also obvious that this derivative will only assume positive values, which means that pErk increases monotonously with the total amount of Erk. Now we show that the response is smaller than one, too. We can use equation (I) to rewrite the response (2) as
The ratio v m /k p in equation (II) can be replaced with the help of the model equation (3) and we arrive at
The saturation of active Mek requires a high concentration of Erk that exceeds the K M of Mek by far. Under this condition the production of pErk is limited and it can be assumed that pErk is small compared to Erk T . The response thus simplifies to
which is always smaller than one as the enumerator equals Erk T · K M at maximum and the denominator is always greater than the latter product.
Parameters of the feedback model
The feedback model, to be found in equ.(8) in the main text, contains two dimensionless parameters. For HCT116 we determined r 1 = 5.3 and k = 1.5, and for SW480 r 1 = 2.2 and k = 4.0 from a least-squares optimisation. Figure S2 : The bargraph shows the fold change of ppErk1 at Erk2 knockdown compared to the scrambled control. Significance was calculated by a one-sided paired t-test, one star indicates p < 0.05, two starts p < 0.01.
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